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(S) Gain control in a TDMA radio-telephone system. 



@ In a radio-telephone system based on time- 
division multiple access, the AGC function of 
the receiver can be controlled so as to be 
approximating the actual value at the beginning 
of the reception timeslot The field strength of a 
specific signal transmitted by a base station 
during a timeslot preceding a concerned recep- 
tion timeslot is measured, the specific signal 
having a power the ratio of which to the power 
of the concerned signal is presumed. On the 
basis of this measured field strength and the 
presumed ratio, the required AGC gain of the 
AGC amplifiers is calculated and the AGC gain 
is set according to the calculated gain for the 
time of the concerned reception timeslot 



Fig.2. 
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The invention relates to a manner in which the 
AGC function of the receiver in a time-division multiple 
access (TDMA) radio-telephone system can be con- 
trolled so as to be approximately the actual value at 
the beginning of the receiving interval. 5 

In the pan-European digital cellular radio system 
known as Groupe Speciale Mobile (GSM) each of the 
RF channels is divided into timeslots of approximately 
0.577ms duration. The modulating bit rate for a GSM 
carrier is 270.838 kbit/s which means that the timeslot 10 
2 corresponds to 1 56.25 bit durations. During this time 
period the RF carrier is modulated by a data stream, 
the extent of which is termed a "burst". In other words, 
a burst represents the physical content of a timeslot. 
The timeslots 2 are grouped together in sets of eight 1 s 
consecutive timeslots as one TDMA frame 1, as illus- 
trated in Figure 1 . (TDMA is an acronym for time div- 
ision multiple access). A physical channel is defined 
by specifying both a RF channel (or, in the case of fre- 
quency hopping, a sequence of RF channels) and a 20 
TDMA frame timeslot number. Hence for a given RF 
channel the system has available to it eight physical 
channels. 

There are two main types of logical channel within 
the GSM system known respectively as traffic chan- 25 
nels (TCHs) and control channels (CCHs). The traffic 
channels are intended primarily to carry encoded 
speech or user data, whereas the control channels 
carry signalling and synchronization data between the 
base station and the mobile station e.g. mobile tele- 30 
phone. The control channels include data which 
instructs the mobile station in which timeslots they are 
to receive bursts i.e. a "concerned reception timeslot" 
and data from which the mobile station derives its tim- 
ing. 35 

Because of the TDMA, the transmission rate of 
the radio path is very high, the multipath propagation 
specific for the radio path appears during the recep- 
tion as a rapid Rayleigh fading of the envelope of the 
RF signal, and also as interference between the 40 
detected bits, in other words, the field strength 
received by the mobile telephone varies very rapidly. 
In order to take account of this, it is conceivable that 
the received signal is the sum of independent Ray- 
leigh-fading signals and signals having a different 45 
delay, and the reception can be planned accordingly. 
Since the multipath propagation causes linear distor- 
tions on the channel, a linear receiver is needed in a 
digital radio-telephone to allow correction of these dis- 
tortions. In this case, automatic gain control (AGC) so 
has to be used in the receiver amplifiers, aiming at 
keeping the level of the received signal constant bef- 
ore the Analog-to-Digital Converters (ADC's)4. In digi- 
tal radio-telephones, the AGC function is generally 
accomplished in the same way as in AM or SSB 55 
receivers, in which the AGC is accomplished by using 
an adjustable amplifier 3 controlled with analogue 
voltage Vc as an intermediate frequency amplifier, 



which attenuates the signal the more, the greater its 
amplitude. The characteristics of the actual AGC 
amplifiers and their positioning in the receiver will not 
be discussed here. Figure 2 is a schematic circuit 
diagram showing AGC in a typical cellular radio 
receiver system. 

In a TDMA system, for instance a GSM system, 
the dynamic range of the AGC amplifier 3 must be 
wide, as does the maximal gain, in order to prevent 
deterioration of the signal/noise ratio as the gain is 
being reduced. The signal/noise ratio deteriorates 
because the resolution is not sufficient for pure con- 
version of a small signal when ADC's are used. As 
noted above, the signal level is maintained constant 
before the ADC 4 with the help of an AGC amplifier 3. 

Conventionally, the field strength of the received 
signal is measured and averaged over a specific time 
span, and thus the mean field strength is calculated. 
When the required signal level is known, the required 
gain of the AGC amplifier 3 can be calculated with the 
aid of the mean field strength. 

In a TDMA system this Involves a mean calcu- 
lation of the field strengths of the concerned reception 
time slots. The mean calculation is typically carried 
out over a long time span, of the order, for example, 
of approximately one second. One 4.62 ms frame in 
GSM has one reception timeslot of a duration of 0.577 
ms, as discussed above, which means that the signal 
power of the concerned reception timeslots are aver- 
aged over the course of several frames, and the aver- 
age obtained is utilised in the AGC. This control 
method may be sufficient on a traffic channel. 

There will be a problem where there is frequency 
hopping if a frequency identical to a signalling fre- 
quency is included in the frequency hopping sequ- 
ence, because at this frequency the power may be 
different from the signal power of the other concerned 
timeslots. 

There will also be a problem when a mobile tele- 
phone is in a monitoring state, i.e. in which it monitors 
the paging channel of the base station. 

In this situation the gain of the AGC amplifier 3 
may be spurious. For example, in a GSM system, a 
mobile telephone does not have to monitor the paging 
channel (PCH) continuously - the minimum require- 
ment being to monitor the PCH once in about two sec- 
onds. Each time, the telephone monitors this channel 
for about 20 ms. In fact the network can instruct the 
mobile telephone to monitor the PCH more frequently. 
The field strength of the received signal may however 
have changed markedly since the previous reception, 
especially when the mobile telephone is in a rapidly 
moving vehicle. In this case, the mean calculation of 
field strength measurements made during the moni- 
toring of the PCH yields a very poor idea of the field 
strength prevailing since the previous measurement 

According to the present invention, there is pro- 
vided a method for determining the AGC gain of a ra- 
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dio-telephone receiver for a concerned reception 
timeslot in a mobie telephone system based on time- 
division multiple access, in which the base station 
transmits, at least at one frequency, either continu- 
ously or at least at a given moment a specific signal s 
having a power the ratio of which to the power of the 
concerned signal is presumed, characterized in that 
during a timeslot preceding the concerned timeslot, 
the field strength of the specific signal transmitted by 
the base station is measured, and on the basis of the 10 
measured field strength, and the presumed ratio the 
required AGC gain is calculated and the AGC gain is 
set according to the calculated gain for the time of the 
concerned reception timeslot 

This has the advantage that the above mentioned is 
drawbacks in AGC can be considerably reduced and 
in which the gain of the receiver amplifier has been 
preset to a value approximating the actual value as 
the reception starts, so that the level of the received 
signal before the ADC is substantially correct from the 20 
very beginning. 

The described method has the advantage of 
yielding a most accurate estimation of the field 
strength during the concerned reception timeslot the 
estimation being based on a measurement carried out 25 
near the reception time slot or immediately before it. 
The measurement can be done at the end of the 
timeslot preceding the reception timeslot, and thus 
the gains of the AGC amplifiers will be set very accu- 
rately. This is advantageous, because the more exact 30 
the determination of the gain of the AGC amplifier 3, 
the less dynamic range is required of the elements 
subsequent to the AGC amplifier 3 of the receiver. 

The invention is based on the observation that the 
TDM A system configuration enables the signal power 35 
transmitted in a timeslot preceding the concerned 
reception timeslot to be measured. Thus, before the 
actual concerned timeslot the telephone pre monitors 
this timeslot during a timeslot in which the signal fre- 
quency is equal to the signal frequency to be received 40 
during the actual concerned reception timeslot and 
during which the received power is known, or the ratio 
of the received power to the power of the concerned 
reception timeslot is at least basically known from the 
previous measurements in the premonitored and the 45 
actual timesiots in previous TDMA frames. Alterna- 
tively, this ratio can be chosen to be one-on the 
assumption that the field strength of the signal 
received during the concerned reception timeslot is 
equal to the measured field strength. 50 

When the telephone measures the field strength 
of the signal received during this timeslot this 
measurement can be utilised for the assessment of 
the actual power received during the reception times- 
lot and for calculating the appropriate gain value for 55 
the AGC amplifier 3. In this manner, the gain of the 
AGC amplifier 3 is set with sufficient accuracy at the 
very beginning of the concerned reception timeslot 



since the control of the AGC amplifier 3 is based on 
a measurement carried out at a moment that is very 
near the concerned timeslot The most advantageous 
case is the one in which the power is measured in the 
timeslot immediately preceding the concerned recep- 
tion timeslot-preferably at the end of this timeslot 

The invention will now be described, by way of 
example only, with reference to the accompanying 
drawings, of which: 

Figure 1 is a schematic representation of a TDMA 

frame; and 

Figure 2 is a circuit diagram illustrating AGC of a 

mobile telephone receiver. 

Using a GSM mobile system as an example:- 

In this system, although the broadcast control 
channel (BCCH) signal power of neighbouring base 
stations is monitored by the mobile telephone for a 
possible handover, the measurement of the BCCH 
signal power of the mobile telephones' own base sta- 
tion is not monitored. Each base station also transmits 
a signal, at the same frequency as the BCCH, which 
has a constant power from one timeslot to another, to 
a mobile telephone, on, for example, a PCH. The field 
strength of the concerned reception timeslot can be 
determined with great accuracy by premonitoring, i.e. 
by measuring, just before the concerned reception 
timeslot the field strength of a signal at the BCCH fre- 
quency transmitted with constant power by the mobile 
telephone's own base station, and this field strength 
is utilised for presetting the gain of the AGC amplifier 
3. This field strength is a very exact estimation of the 
field strength of the concerned reception timeslot, pro- 
vided that it has been measured just before the con- 
cerned reception time slot and its frequency is 
identical to the reception frequency of the concerned 
reception timeslot The power is sampled in a known 
manner and the gain of the AGC amplifier 3 is control- 
led by the processor 5 of the telephone, again in a 
known manner. 

The method according to the invention can be 
used in at least three cases, discussed below. 

Firstly this method can be used when the fre- 
quency of the signal to be received during the concer- 
ned reception timeslot is identical to the BCCH 
frequency and the reception takes place continuously 
at this frequency. Then the power of this signal is 
measured just before the concerned reception inter- 
val and the AGC gain is controlled in accordance with 
the measured power. 

A second and major case is in frequency hopping. 
In a speech situation, i.e. when a mobOe telephone is 
on a traffic channel, the GSM system uses frequency 
hopping, i.e... wherein the transmit and receive fre- 
quencies may both vary from one frame to another. 
This gives an improvement of the speech quality 
when the mobile telephone is in a local dead spot, 
although frequency hopping can be used at other 
times too. In frequency hopping, one frequency 
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included in the frequency hopping sequence may be 
precisely the BCCH frequency mentioned above. The 
signal power received at this frequency may be very 
different from the signal power of the other concerned 
timeslots receiving speech or data. The situation is 5 
aggravated by the fact that the historical knowledge of 
the average signal power of the BCCH frequency is 
extremely poor, since there is a long lapse from the 
previous reception at this frequency, i.e. there are 
very few samples of the BCCH frequency per time 10 
unit Accordingly, a signal at the BCCH frequency is 
premonitored and its signal power is measured just 
before the actual reception timeslot The measure- 
ment is immediately utilised for adequate setting of 
the gain of the A6C amplifier 3 in view of the actual 15 
reception time slot, during which speech or data will 
be received. Since the timeslot is at the same fre- 
quency as the signalling timeslots, the premonitoring 
explained above can be utilised for frequency hop- 
ping. 20 

A third application of the invention is where the 
mobile telephone is In the Idle paging state. In this 
state, the telephone receives only signals transmitted 
at the BCCH frequency from the base station. Thus, 
each time the telephone starts monitoring at this 25 
BCCH frequency, the power of the signal at the BCCH 
frequency is again premonitored before the actual 
reception timeslot and the AGC gain is set to the 
actual value as the reception starts. 

The setting of the gain of the AGC amplifier 3 on 30 
the basis of the signal power at the BCCH frequency 
preceding the reception timeslot can be done in vari- 
ous ways. 

The simplest solution is to set the AGC gain 
directly according to the measured power, i.e. this 35 
assumes that the power received during the concer- 
ned reception time slot is equal to the measured 
power. 

It is possible to use other methods as well. For 
example if the ratio of the signal power received by the 40 
telephone to the measured power in the concerned 
reception timeslot is at least basically known from pre- 
vious TDMA frames, the required gain of the AGC 
amplifier 3 can, for the current concerned reception 
timeslot, be calculated on the basis of this historical 45 
ratio and the power measured by premonitoring the 
timeslot concerned. 



to the power of the concerned signal is presumed, 
characterized in that 

during a timeslot preceding the concerned 
timeslot, the field strength of the specific signal 
transmitted by the base station is measured, and 

on the basis of the measured field strength 
and the presumed ratio the required AGC gain is 
calculated and the AGC gain is set according to 
the calculated gain for the time of the concerned 
reception timeslot. 

2. A method according to claim 1 , characterized in 
that the AGC gain is calculated on the basis the 
presumed ratio is unity by supposing that the field 
strength of the signal received during the concer- 
ned reception timeslot is equal to the measured 
field strength. 

3. A method according to claim 1 characterized in 
that the presumed ratio for the concerned timeslot 
is based on values of the ratio determined previ- 
ously. 

4. A method, according to any preceding claim, 
characterized in that the said measurement is 
carried out during the timeslot immediately pre- 
ceding the reception timeslot concerned. 

5. A method according to claim 4, characterized in 
that the said measurement is carried out at the 
end of the timeslot immediately preceding the 
concerned reception timeslot 

6. A method according to any preceding claim, 
characterized in that the telephone is adapted to 
receive continuously, at the same frequency at 
which the base station transmits the said specific 
signal, wherein the measurement is earned out 
before each concerned reception timeslot 

7. A method according to any of claims 1 to 5, 
characterized in that the telephone is adapted to 
receive signals in a frequency hopping mode, 
wherein the measurement is carried out before 
the concerned reception timeslot when the fre- 
quency of the received specific signal is equal to 
one of the said signals transmitted by the base 
station. 



Claims so 

1. A method for determining the AGC gain of a ra- 
dio-telephone receiver for a concerned reception 
timeslot in a mobile telephone system based on 
time division multiple access, in which the base 55 
station transmits, at least at one frequency, either 
continuously or at least at a given moment, a 
specific signal having a power, the ratio of which 



8. A method according to any of claims 1 to 5, 
characterized in that the measurement is carried 
out before each concerned reception timeslot 
when the telephone is in an idle state. 

9. A method according to any preceding claim, 
characterized in that the said measured signal is 
a signal transmitted with a constant power and 
having the same frequency as a control signal. 
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(g) Gain control in a TO MA radio-telephone system. 



(57) In a radio-telephone system based on time- 
division multiple access, the AGC function of 
the receiver can be controlled so as to be 
approximating the actual value at the beginning 
of the reception timesloL The field strength of a 
specific signal transmitted by a base station 
during a timeslot preceding a concerned recep- 
tion timeslot is measured, the specific signal 
having a power the ratio of which to the power 
of the concerned signal is presumed. On the 
basis of this measured field strength and the 
presumed ratio, the required AGC gain of the 
AGC amplifiers is calculated and the AGC gain 
is set according to the calculated gain for the 
time of the concerned reception timeslot 



Fig.2. 
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